Abstract. The aim of this paper is to determine the effect of soil conditioners and one mineral fertilizer on turf, as well as their interaction with meteorological conditions in maintaining of lawn compactness. The field experiment was conducted in the experimental facility between 2013 and 2015. The following grass species were used in the experiment: Lolium perenne, Festuca rubra, and Poa pratensis. Another experimental factor tested in the research was soil conditioners. Between 2013 and 2015 an assessment of grass compactness based on the methods described by Domański (1998) was carried out. This assessment was conducted in three seasons: spring, summer, and autumn. Grass species tested in the experiment formed turf of different compactness, varying throughout seasons of the year and responding strongly to weather conditions. In drier periods red fescue had better turf, contrary to smooth meadow grass and perennial ryegrass, both of which had better turf in more humid conditions. Out of all the types of fertilizer Humus Active Papka affected turf compactness in the most favourable way although the response of individual grass species was not the same. From a practical point of view out of the grass species tested in the experiment Poa pratensis treated with Eko-Użyźniacz responded the most favourably.
Introduction
Architects dealing with spatial planning pay more and more attention to green areas, with lawns, relatively inexpensive to set up, being their important element. Lawns have multiple functions, from environmental, through sanitary-hygienic, to recreational and aesthetic (Czeluściński et al., 2017) .
The increase in the standard of living in Poland and other countries is accompanied by the awareness of the importance of green areas and the need for an attractive and healthy environment (Watsson et al., 1992) . Lawns are common in parks, gardens, streets, squares, and recreational areas (Ignatieva et Jankowski et al. (2011d Jankowski et al. ( , 2012a as well as Rutkowska and Pawluśkiewicz (1996) turf quality largely depends on its treatment and maintenance, on habitat conditions, but also on the proper selection of grass species and varieties used to set up a lawn (Wheeler et al., 2017) .
Grass is commonly used for lawns, regardless of their type. Some 160 grass species can be found in Poland (Prończuk and Żurek, 2008 ). Yet, with such a huge number only 16 species are suitable for lawns. Festuca rubra (red fescue), Poa pratensis (smooth meadow grass), and Lolium perenne (perennial ryegrass) are grass species most common on lawns used extensively (Jankowski et al., 2012b) .
To a large extent lawn quality depends on frequent watering, which in turn affects maintenance costs (Jankowski et al., 2011a; Jankowski et al., 2011b; Jankowski et al., 2011c; Jankowski et al., 2011d; Jankowski et al., 2011e). The use of modern watering systems is not always a good solution. Usually those systems are too expensive and not every owner can afford such an investment (Jankowski et al., 2012a) .
With the growing interest in the use of environmentally friendly products, numerous soil conditioners have been approved for the use in green areas, fulfilling the role of fertilizer, or chemicals used in plant protection. Continuous progress in the studies on soil conditioners shows their competitiveness in relation to conventional solutions.
The aim of this paper is to determine the effect of soil conditioners and one mineral fertilizer on turf, as well as their interaction with meteorological conditions in maintaining of lawn compactness. The study deals with practical aspects of the impact of soil conditioners on the compactness value of individual species of lawn grass. In addition, the research aims at getting information about the extent to which soil conditioners can replace mineral fertilizer without degrading functional value of the lawn.
Material and methods
Set up in 2012 the field experiment was conducted in the experimental facility of the University of Natural Sciences and Humanities in Siedlce (52°12'N, 22°28'E) between 2013 and 2015. The research was carried out as a mini-plot experiment, in the split plot design with three replications and the plot area of 1 m 2 . The following grass species were used in the experiment (factor B): Lolium perenne -variety Info, Festuca rubravariety Nil, and Poa pratensis -variety Alicja. They were sown on their own, each of them at the rate of 28 g/m 2 . Another experimental factor tested in the research was soil conditioners (factor A) Soil conditioners used in the experiment improve soil properties, according to the Institute of Soil Science and Plant Cultivation (IUNG) in Puławy. The composition of the soil conditioners used in the research is presented in Table 1 .
The UGmax soil conditioner is an extract from compost, containing macronutrients (N, P, K, Mg, Na) and micronutrients (Mn). It also contains lactic acid bacteria, photosynthetic bacteria, Azotobacter, Pseudomonas, yeast, and Actinomycetes. The micro-organisms in the conditioner have a capacity of processing organic and natural fertilizers into compost and humus. These processes are conducive not only to the production of humus but also to improving soil structure, which in turn has a positive effect on water balance in the soil. In addition, the UGmax soil conditioner increases disease resistance, keeping plants healthy, but it also stimulates the development of the root system and supports the biological reduction of molecular nitrogen.
Humus Active Papka contains macronutrients (N, P, K, Ca, Mg), trace elements (Mn, Fe, Zn, Cu), and active humus with useful microorganisms. According to the manufacturer Humus Active, among other beneficial effects, positively affects plant health as well as soil structure, and releases nutrients not readily available to plants. Eko-Użyźniacz is extracted from bovine vermicompost and contains the main macronutrients (N, P, K), micro-organisms, and enzymes related to metabolism of earthworms. This soil conditioner stimulates biological life in soil degraded chemically, mechanically, or biologically, and increases plant resistance to different stress factors.
Soil conditioners were applied annually in spring (mid May) in the following doses: UGmax -25 ml · m -2 (0.6 l in 250 l of water), Eko-Użyźniacz -100 ml · m -2 (10 l in 100 l of water), and Humus Active Papka -250 ml · m -2 (0.2 l for 10 l of water). In turn, Substral, a slow release fertilizer used on lawns, was used in the quantity of 20 g · m -2 . At the end of each growing season between 2013 and 2015 an assessment of grass based on the methods described by Domański (1998) was carried out. Among other things its compactness was assessed in accordance with the methodology by Prończuk and Żurek (2008) , using a 9-point rating scale in which 1 stands for no aesthetic value; 3 for unattractive appearance; 5 for average; 7 for attractive; 9 for very attractive. This assessment was conducted in three seasons: spring, summer, and autumn. In each year of the research spring assessment was made around May 20, summer assessment around 20 August, and autumn assessment around October 10.
The experiment was set up on the soil developed from loamy sand, belonging to anthropogenic soils of the culture-earth order, and of the type of hortisole (Systematics of Polish Soils). Chemical analysis showed that the soil was alkaline, with high content of magnesium and phosphorus, and low potassium content. The test results were evaluated statistically with the analysis of variance. Tukey's test (P ≤ 0. interaction. Based on lawn appearance ratings, standard deviation and coefficient of variation were calculated for separate seasons, years, and soil conditioners.
Weather conditions
Meteorological data between 2013 and 2015 were obtained from the Hydrological and Meteorological Station in Siedlce. The average air temperature during the experiment was very similar to the long-term average temperature (Table 2 ). In each year of the research the highest temperature was in July (19.3 on average) and August (19.0), while the lowest temperature, taking into account only the growing season, was in April (an average of 8.5) and October (an average of 8.2). A meteorological element with major temporal fluctuations is rainfall (Skowera and Puła, 2004) . By analyzing its amount in different months of the experiment it was found that the lowest average monthly precipitation was in 2015 (52.0 mm), but still it was higher by 2.3 mm than the long-term average. In the growing season of 2013 the average monthly precipitation of 73.3 mm was the highest. May 2013 was a month in which rainfall was the highest of all months during the experiment (145.8 mm). The lowest rainfall was recorded in October 2014 (3.0 mm) and August 2015 (11.9 mm).
In order to determine the temporal variation of meteorological elements and their effects on vegetation, Sielianinov's hydrothermal coefficient (Bac et al., 1993) was calculated on the basis of monthly rainfall (P) and the monthly total air temperature (Σt), using the formula: K = P/0.1 Σt (Skowera and Puła, 2004) .
In assessing temperature and moisture conditions ten-scale classification of Sielianinov's hydrothermal coefficient (K) was used, which, according to Skowera and Puła (2004) , has the following ranges: The values of Sielianinov's hydrothermal coefficient for individual months of the experiment are shown in Table 3 . It was assumed that the conditions were extreme when coefficient values were below 0.7 and above 2.5 (Skowera and Puła, 2004). Optimal temperature and moisture conditions were only in April 2014 and in September 2015. In the remaining months of all the growing seasons the weather conditions were not as favourable, varying from extremely dry in August 2015 to extremely wet in May 2013. Throughout the experiment the best conditions occurred at the beginning of each growing season. It can be concluded that the most difficult period for plants was in 2015, when, apart from May and the end of the growing season, the weather conditions ranged from quite dry to extremely dry.
Results and discussion
According to different authors (Prończuk et al., 1997; Harkot and Czarnecki, 2001; Jankowski et al., 2011a), dense and uniform turf has a big impact on the functional value of a lawn. Lawn appearance is one of the most important features determining its compactness. Rutkowska and Pawluśkiewicz (1996) point out that turf compactness is influenced by many factors, such as environmental conditions, the kind and frequency of maintenance treatment, the appropriate selection of grass species and varieties, and the way in which the lawn is used. Turfs of the lawns studied in this experiment were diverse both in terms of the species tested and the fertilizer applied. Their compactness changed throughout years and seasons of research. Assessment of the lawn turfs showed that their quality in the spring ( Table 4) varied throughout the experiment, and it was different for different species of grass. In the spring of the first and third year red fescue had the best turf (8.9 o ) in comparison with the other species. In turn, in the second year (2014) the compactness of this grass was the worst of all of them (7.3°). These differences were statistically significant.
Changes in the compactness of red fescue turf were related to the weather. Red fescue is one of those species that reach optimum development in habitats with variable water conditions and often even in dry places. Therefore, in 2013 and 2015, in which years there were a lot of dry periods (Tables 2 and 3 Throughout the research in the spring seasons ( Table 4 ) both smooth meadow grass and red fescue had the best turf, both at the level of 8.4°, as the average of three years between 2013 and 2015. According to Martyniak and Prończuk (2003) , chewings fescue has rhizomes of varying length underground, and they form very strong and dense turf. Therefore, it is an excellent grass with good compactness turf on grassland, lawns, and other areas. Additionally, comparing different species with different types of fertilizer applied, it was found that the best turf in the spring was on the plot with red fescue treated with UGmax (8.9°). The worst lawn (7.8°) was on the plot with perennial ryegrass, also treated with UGmax. In the case of smooth meadow grass lawn compactness did not vary much (from 8.4 to 8.5°), no matter what type of fertilizer was used. In the studies of Kitczak et al. (2000) smooth meadow grass had a better turf than a mixture with perennial ryegrass.
Assessing the effect of fertilisers in the spring it was found that for all of the grass species turf compactness was similar, no matter whether Substral, Humus Active Papka, or UGmax was applied, being at the same level of 8.4°. Eko-Użyźniacz was an exception causing slightly weaker lawn compactness (8.1°) Assessing the effect of different forms of fertilizer in different spring seasons, turf of the best compactness was in the spring of 2015 (from 8. In the summer (Table 5 ) turf compactness was slightly worse than in the spring time, and to a greater extent it was dependent on weather conditions (Tables 2 and 3) . The best possible degree of turf compactness for each species of grasses was in 2014 (on average 8.9° for each species). The spring that year was rainy (Table 3) , with hydrothermal coefficient indicating optimal conditions in April, but quite wet in May and June. Similarly, during the summer that year weather conditions were much more favourable for grass than in the other two years of the research. For all the grass species the highest average compactness rating (8.9°) was also in 2014, when, on average, lawns treated with different types of fertilizer had the same turf compactness. Comparing all the species throughout the experiment, in summer seasons perennial ryegrass formed the best lawn (on average 8.3°), and with references to the forms of fertilizer, Substral was the most effective (8. 9°). Red fescue had the worst lawn in summer (an average of 6.1°), and with regard to fertilizer types, plots with Substral (5°) and UGmax (5.5°) had turf of the lowest compactness. Statistical analysis revealed significant differences in the degree of turf compactness between red fescue and the other two species of grasses. The interaction between the form of fertilizer and grass http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1504_19171928  2017, ALÖKI Kft., Budapest, Hungary species in their effect on the turf compactness turned out to be statistically significant. Comparing the effect of the forms of fertilizer on all grass species during summer in all experimental years, the application of Humus Active Papka (7.7°) resulted in the best turf, while the effect of Substral (7.3°) was the worst. Differences between the impacts of both of them were not statistically significant. The turfs in autumn seasons (Table 6 ) were to a large extent a reflection of meteorological conditions (Tables 2 and 3 ). During this period the most adverse weather conditions for grass development were in 2014 (Table 3) , when September was very dry and October extremely dry. In effect, turf compactness was the worst (an average of 7.8 o ) although red fescue that year was in good condition (on average 8.9°), while much worse lawns were those with perennial ryegrass (on average 6.3°). Those differences were statistically significant. In the other two years (2013 and 2015), when water conditions were by far better, turf was at its best (from 8 to 9°). The experiment showed significant differences in turf compactness between grass species and between autumn seasons. As an average for all grass species, the best turf was in 2013 and 2015. In addition, the best turf was obtained as a result of the application of Eko-Użyźniacz (9.0 in 2013 and 8.8° in 2015) and Humus Active Papka (8.9° in both years). In autumn seasons red fescue had the best turf (from 8.8 to 9.0°), and with regard to the type of fertilizer, in the same seasons both Eko-Użyźniacz (9 in 2013 and 8. By comparing average grass species ratings in the experiment as a whole (Table 7 ) it turned out that smooth meadow grass had the best turf (8.3 o ) and red fescue the worst (7.8°). Differences in the degree of turf compactness between grass species were statistically significant, especially between smooth meadow grass and red fescue. Grabowski et al. (1999) pointed out that the advantage of smooth meadow grass is its durability and high turf-making potential. In Poland in this regard this species easily competes with perennial ryegrass. Out of the types of fertilizer Humus Active Papka application resulted in the best turf (8.2°) in the experiment, although differences in its compactness on plots with different forms of fertilizer were small and not statistically significant. With regard to the seasons it was found that generally the best turf was in the autumn (8.5°) and spring (8.3°) and the worst in the summer (7.5°). Differences in the degree of its compactness between the summer, the spring, and the autumn were not statistically significant. Whatever the time of the year, in subsequent years of research the average assessment rating systematically deteriorated from 8.3° in 2013 to 7.7° in 2015, and these differences were statistically significant. By analyzing the durability of compactness ratings in relation to particular grass species (Table 8 ) it turned out that coefficient of variation for smooth meadow grass and perennial ryegrass was the most favourable, indicating moderate variability. For red fescue the coefficient of variation of compactness rating was above 20%, indicating medium variability. Therefore, to install a lawn, smooth meadow grass both on its own and in mixtures, should be recommended first of all.
Conclusions
1. Grass species tested in the experiment formed turf of different compactness, varying throughout seasons of the year and responding strongly to weather conditions. In drier periods red fescue had better turf, contrary to smooth meadow grass and perennial ryegrass, both of which had better turf in more humid conditions. 2. Out of all the types of fertilizer Humus Active Papka affected turf compactness in the most favourable way although the response of individual grass species was not the same. 3. Out of all the grass species smooth meadow grass and red fescue had the best turf on plots where Humus Active Papka was applied, and perennial ryegrass had the best turf on plots with Substral. In the subsequent years of research there was a deterioration of lawn compactness, with a weakening effect of all types of fertilizer, in particular in the case of Eko-Użyźniacz and Humus Active Papka. 4. From a practical point of view out of the grass species tested in the experiment Poa pratensis treated with Eko-Użyźniacz responded the most favourably.
